IS! 


...  .  „_  . 

- 

Tor  -the 
gre<  of 


11. 


>5$,o^3 


------------        1 

-------------        5 

Re^ulati  *  Tei        ature     --------       7 

a    _  th  Pre  vie.         r]  ------     10 

sneral  Dis  s       15 

_s      ------------ 


._      ------------- 

_____-_-----3 

-------------- 


- 

.  j©r  the 
'essor 

'  i 
:'.  re    also 
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ion. 
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Thi«  

,    f  ..to 

.    '.      It  i3   one   of  tl 

for  their  objeot   the   det n  of  the 

it    of  osmotic  .'  arily, 

■  ion  of  os mo  1 


/ •   u, 

___  .. 

Uuoh  . 

.....  b  oa  Lg 

•  on 
0°  to   -o°j    at    interva  - 

from    .1  weight   nonr.al  to  normal.     Two   things , 
the   .  ...:,. 

3en1    ation  betv;oe:.   the    ' 
tioned  above   is   alwa 
retioal  gas 

ire    is    cons  tar,  t  for  a 

results 
I  t  able  , 
.  147   ...j-; 

.2  . 

0°   1.106      .061      .061  ..  -       L.C         •  •    - 

5°   1.082  :         .       ,058   1.05 374 

10°    1.                               E  >6   1.075    1.0S3    1.0S 

15°   1 31  1.059   1.  .                               3  1.115 

20°  1.084    .  .  .             .075 

-      ...       .  .055       .      51.0711. 
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.    -■ 
alwa  oal 

a  rat  ion  is   t] 

I 
0.1  nor;.  al   at    0°  . 

- 
Ly  vex  .  '       fi        ling  j  '-ion 

of  the  high   ratio   will   probably  be    found  in  this    fad 

t    ;  3    subjeot*    I  study  . 

ratios     .  Lin  constanl 

the   osiaotia  '   oa   -        Lgar  solut:       •   follows 

f  Gay-  ao  ~.  -      - 

e,   even  t]  b  higher 

retical  g 
s    .  houlu  b< 

finitely  known.     Two  possibil:  Lies 
first,    e  be 

able    one,    is    that   the    .  soret- 

. '  .   iration  of  the  :>leouIes   in  - 

.    a 
the    re  ot  to   the   osmotic   . 

3lu1 [olecules 

agar,    an* 

ater  fi  a  alution,    -  --■■> 

_ 


3) 


x  i 

. 

i 
9d  to  .       If 

as  pre« 

3( 

great  at  totioally  no   di 

is    ..  neen  the   x  atures. 

yara 

.  ste  ij     ..  al  ie   uoeo   show 

a    ,  alar  one.      It    will   bo 

oci  re    .      "  .    ■-  of 

the  0.5,  ».0.4  a  .5  .....  3h  no 

planj     .    i     ae    been  offered.      In  spite   of  thes 
b  —  apj  are  nt  beca 

.........  -  .  

al  —      .      a1 g s  -  as 

g,   al]  ...... 

- 
agaj  -  arc     - 

..._.-  a  the   for: 

.     i  lar  to  tli 

-    -  - 
-- 

9u    t 
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: 

....  >lut3 

...... 

»ere  highei  .  - 

re  r  been  made 

.     , 

soially  U         L  .  ature 

...  iU         .  .  - 

S  ..   a      3£      .... 

.    • 

GOl,   ...  - 

~or   had  beei  ...  114  .      A 

-    •      L.101        It    ..-. 

solutic . .  ,   or,   tc 

-  1  that  he   c 

oess  ^  -. 

rer.^cre^  .of 

85     bo  2 
af  feote  ... 

At  .... 

101; 

......  .096.     1  ■ 

ratic  a  E  -•-  - 

at  30°  wa«  j      tl  40° 

- 

■  -- 


k  on  the  no 

on,   35°,    a 

re 8  of  the . 

be   at  j  .    -   ■■ 

THE  BATH, 



the   one  mentioned  a  as       .ving  he  1  late 

a  pie   J 

.    bed  hercJ. 

he  r 
peratures,  to  60°.      It  a   .    .  ver, 

&e 

;  g .    1.      It    j 

and  21.5    a 

bhe  up] 
and  the   lo we 

,   to 
-    _  ...  pai 

ate a  by  a 

man 

a  ... 


a 

I 

I 
and  are  fixe  a  tight  1: 

n  in  Fig.  2,   \ 
I 

-    - 

- . 

"a:  -  Lturated  or  e\ 

an  appi 

pera   are   the   bath  may  be    run]  Lng. 

.vhen  thi  g   ]  are 

doors    in  order   to    read  the    .  ~r.o- 
-■-  ,   the    cooler   air  out  tely 

3   on  the  .  the   g  .^s, 

......  the   resu_        sul  ading      joula  not 

a   .  te r,    or  even  not   at   all, 
j                               ;    on  the    rapidity    with   whio 
-    „^,    an  ...  .    .   in- 
side the      .     ..      Serioi      

even  though  the 
low .      I 

interior  of  the   bath   is  re 

-  j3  of  heavy  plat        

They  oomj  it    two  thirus   of   th 

_ 


17  J 


: 
rhioh  is  und£  .    :  -   . 

over  the    oooi-  .■    it  Bhou: 

........  -  -  the 

.. 

1 .........  B(  then 

at  ■  - "  • 

In  the   cool- 

. 
1  iture  higher  *     . 

iing '.     The  sources   of  heat    were   of  - 

_—    -  3oti  ga  the  e lee 

oaus         '  .   jontrolleu.  by  the    .  — tor. 

.   2  shows  ray  -  -    -        -    •--- 

.... 

pumpe    Had .  r  out   at    12      ...  li     a  i 
rate    >i  t    .... 

L6  inc 
-  .Under  these 

aoedj  - 

.. 

at  the  water  q  - 

.  .  


- 


to  the   i 

ator   in  th 
is  stovel 

ainta  k,  up  1 

.... 

Th,  •-  julate  d  :  Ly  of 

the  water .     ' 

.is 
a]  ped  ..eG8   over  burners   on  the   outsid    . 

,    etc.  .is    run    .  . 

froic   1  a  ft    in  the    xaA      .      This 

circulation  of  hot  water  is  so  regulated  ^o  to   tempera- 
ture  t  ill   not   be   able   to  ho 

^esireu.      The    iv 
•  - 
...      ....  .  _  of  the   tl 

B     of     -    f 

thermoreg  -'"'--         - i 

to  the   i: 
the   ear  I  rra  ..    .:e   oC 

—  ma 

tot  of  the  uoth 

lined  tenser  , 

.... 


..    .  r. ,        , 


,-; 


out   the   whole 

o&lj    ral  _...  .  n  -.. 

..... 

Pier 
■ 
very  Blight 
wneter   oould  ;on- 

3y  of  tern]  -.1  very   saticfact 

a  .  -  a  tion  observed  for  periods   of  seven  or 

...  b    was    often  not  :  . 
ation  at   other  tii  as  much  greater, 

;  to  some    .. 

--    • 
respect   to   its    regulation  than  do 

y  do 

3   rapid  

are   detected  and  remedied 
16  d  -■  re    re  co  .' . 

-■     - 

...  ature   oould 

jids  for  it, 


ire   of  oai  res 

... 

..of 

■ 

-■  -.    ■■  . 

•lioh  the   values   at    lc  J  ra1  .ire3 

..  .  been  obtained.     1  I  ore 

those  that   have   already  be«  Lbed  .     The    jells 

'the 
ferrooyan    i  brane    .      It   will  he  no1     - 

v.T3     d<  '        . 

i t h  sub  5 . 

series.      The   sub-    se     .      are   oIv£r  a  have    bee. 

o 

'    roe   year:-  .  jells 

of  the  i  -    on 

- 

■  ■      '    ' 

.  e   of  thei:  not   at   all.     Thu 
as   in  1 


_ 
- >  41,   if 

-  . 

... 


— 


2 

Jo  the  tei 

of  the    cells  they  were   never 
i  to   ooo]  joula  be 

ssed  to  the   uir  as    little   -.    .    ssit  Le, 
....  eta  -  -c- 

--.  feet  ion  l. 

mold,    which   seems   to  feed  on  the  nitrogen  in  the 

to   the   ^jreut    detrj  '  the    cell,  to 

have   become   sc  e  cut  ion   i 

...       ...    ar^  g   3  ive   very  i  inished  ef 

The   o:  take  ex1 

•:cessive  pre 
c 

The  manometers  usau  were   the  sane   one 

at- 
111  but  six  1 
ay  since 

,11,24, 

tube  i  in  the  American  Chemical 

for  volumes   of 


-- 
in  th( 

foxind  no1 
"rhe   others  when  us 

ano- 
a 

- 
ures,  '    •  three   to  sev; 

.     i      *  ated 

-^ters    ooi 
pressures  the  volume   steadil;  ith 

..re".        It   was  the  the   time 

this  ;  be    ..Lie   to  an  error  in  the  . 

correction 
vol-  resaures .      T] 

the   error  was   foul     .      "  -cub    correction   in  the 

i  jal  units   instead  of 
oorrected  in  linear  units,   the  syi 

axpressed.     This    correction  when 
volume   ourve   as   determined  by  the   b1 
cor. 

ioea  ten  out  t]  -     -  rve . 

This    j 

the   standard  manometer.     Therefore,   si 
the    oo^ect    of   all  the   present    on:  o1 


Bsertatic 


to   determine    its   temperature    coefficient,    it  was    dee: 
..  ]  anoi  eters   on  aB  ne ... 

it   the    i.' 
'  this  yea  ..are 

opene^,    cleansed,    and  refj  >  of   the 

ed  nitrogen  were  1  by  the  side-tube 

The  :  easurei  ents  1  le  with  these 

ast  year  on  account   of  the  mtioned 

'  .     t        bhy.      Consequently 
were   repeated  this   year  by  Dr.  Hoi.  .Dr. 

some   of  the   ol^er  manometers  ■ 
fith  those    that   had  been  refilled,    and  whose   volumes 
had  been   determined  this   year.     Agreement   was   satis- 
factory, '  *      ^re   also    incorporated  in  the 
.    .    1.      It    would  thus   seer:    that,    with   respect 
to  thi                 ters,   the    oonneotion  of  this    investigation 
with  those  made   at    lower  temperatures   is   perfect. 
one  exoeption,    all  of  the  manometer  ha   her 
temper          e    save    consistent  pressures.      This   exception 
No.    13.      The   first    ratios  obtai                     it   were 
r  than  any   given  by  the    other  manometers,    and,    as 
more                                                                   fferenoe  seemed  to 
be    cons      tent.                  U              j  none  too  plentif 

that    if    i1  rture    from  the    others 

all  the   tj 
it    could  be    correoted  a   of  the   other 

.  ■ .     However,    iJ 
I 


a   so-, 

ven-1  however, 

■ 
over  from   the   f 3  i 
....  .  ... 

L 

an . 
The 

Bolution  of  copper  sulphate  out  J  I    , 

of  the   same    concentration  as   thooe 

in  th  I  tivil  ts   their 

concentrations   are  suoh  that  they  are    is 

as   to  whether  they  are   ac 
...  —       t   bee  — 

■      * 
:  ,    be    int       .... 
...   ^  to   be   absoli  '  ~ 

_,eciry„   -'       • 

b  ]  ave  been  use      in  all 
'     .- 

Bsocia- 
syanide,    or  a  d 
: 

.    -    -  •  •  — 


1.     jb.. .   C 


perhu] 
:  here . 

i 

a 

ate   bo] 
...     . 

;  and  allc      1  to   c 

ed  tha  t  at 

is 
oon.e  to   J 1 
■  -  ■ 

-  ■■ 
..... 

a  very  snail  \  rasa 

a  lai      .  au  a, 

al,  Bed  conical  nee 

By  neans  of  a  brai 
force  .  sell. 

.' 

I 
Sere  anipulator  oloi 

.... 

.     -      -  --    -  -   - 

j 


•  -  .  -  -   - 

- 

.    - 
. 



Bd  to   remain  for  e  -  oome   to 

j  ari       .  rature  equilibrium  — 

L^th  only   oo.         -.    1      x' 
./..ate   bottle,    leaving  the   v  t    of  the   cell 

jsed  to  the    air  of  the 
or   it  may  be   taken   1  .    ■  -  ain  bat 

:  t   „  as   die  covered  .  -      — ere 

aen  the   cell  and  the   rubber  on    ! 
■arlier   . 
of  the   invest  igatj  --  rasher 

Thie    ....  ..... 

I  -   gf      •    :    ~     ca 

and  then  using  g-     In  only 

four   oaaes  was  there   an:  -     3one ' 

ioh  a       yanoe  was   caui 

1 3  metal  and  the   cone,   the 

anometer  tube   or  the   small   tube 
.     d  before   the 
.      sac   ;.ever   certain.      .      e    '      as  a  that 

aa  been  us  e  d  -  -  '•"     ■• 

Lo] 

-  of 

00  vc 


The   '  anometei 

u 

- .      -  ill 

be  only 

ciui  

ittle   dif  it   the    lc 

iehed  so  eas  ily  . 
all  were  a  -  lesired 

t   the   beginning  of  the  set"-    g  up  j 
s    e  i  ;  F  f  mo  re   o  r  lei  '  "he 

cell,   wit:.  i  Dontent,   the   truss   col  nut 

nil 

■    a  very   aelicate   theru.on.eter, 
J.he  effect  of  temperature  n  the  systei. 

best    described  by  the   ten     "The 

as  Boon  as  the   c  i 

.....  it    will  be    remembered, 

".,    the  mercury  in  the 
-    imeter  begins    to   rice,  i  the    cell  is 

:   entire   i  jloeed, 

the   rj  '"  in  that    if   the 

\         _  point  the   e     ab- 

ture  eq  the 

all  to   r\.  ill   too  high.      This 

for  three  (1)    i4: 

■• 

jr 


-  :  3C  .... 

tio  equilibrium 
.    ..  ...  I         lells ,   ie 

long .      The   ■;  rope  a1         ich 

to    leave   t]  cell   in  the 

be  oomes    . 
ther  or  not  the    oell  a 

on  the   raj  idity 
"     .'.:   the    oell   is    fill 
6   of  the    laboratory.      The  ter 

ipon  the   1  re    of  the    laboratory  also. 

b  of  this   invest  i  _,   L  '        J '         rees- 
ure,    a:  t   1  but    as   experience 

tits  -    more  Batisf  .  .over 

rely  so.      The   rule  1  is  to   leave   the 

t    a  point   fro.  " 

the  poinl  previous 

lower  tempos  then  com]  lete  the   a   ]  nt, 

if   :  be   neoes  'ter  the    oell  had  beer. 

from   5  to   12  hours . 
: 

ooole  .  the  mercury  was   the 

res..  ;y  of  adj 

ber  of 
.  J  the   be- 

rium  a 

.  lea 


I 


ition   of 

.11  bat  e  d  he  re  , 

cipation  of  the   result  the 

fa  jS6 
obtained  at  ti  of  or  under. 

of  the  ir.easui  I  ,r":r,    it  Be 

I 
z 
meter       J  has   a  Ire  ad;    been  referred  to. 

Of   oourse,    if  the  i  ei  brane  per 

ater  through  itBe]  '  re    due   to 

^68  of  temperature  would  be   rapj 

e    cells  is,   however, 

-1-    very  slowly,  so  sic    .. 
due   to  i  of 

are   after  the   cell  has  been   closed  may   not   be 
•    ..     of  ore   sev  rs  .     The  measurements    : 

showe  'essure   in  1  -       arked 

cee  were   the   lower  concentrations   at  40°. 

aohed  : 
noun  all  in  the  bath,   ai 

after   it   had  been   adjusted.      Fror..   the    •:■    t 

e   cells    iJ  iir.possible  for  this   '. 

pressure   so   soon  after  the 

g 


set   U] 

tote  bur 

the 
'the   Bolutioi 

n  equilibrium,    the  me 

the 
c    in  the  i      .  .    rium  was 

reached.      Cor.     i  of  the 

ves  to  she      a        ..  None   of  them,   how- 

ever,   did  so  . 

ion  to  the  high  temperature   as  a  factor 
E  'ioult,    it    shoi  Id  also    ce 
■  .  that    on  the    lower   concent  rat  ions   at  40°  noth:. 
_s  to  what   their  pressures  were.      Such 
in  these   rat  ice  was  not    an1  several 

cases   cello   that  hi  .rently  reaohed  tCL  per^ture 

equilibria  judged  by  i   tios 

at  35°  or  under,  were  tightened  and  the  pressure  in- 
creased in  order  to  prevent  dilution,  ana  to  save  t: 
As    it    J  out,    however,   when  the   pressun 

low,    it  was  nearer  corrc    '    tl         i  Eter   it 
been  increased,    ana  the   result   was  that  water  wa 
forced  from  the   su^ar  solution  until  eq 
reached.      1  id  ii  :ases  to   si  ree 

that   the   sugar  sol   ti  dably  co.         tral  id. 

Perhaps  the   1  atever   is 

ng   in  the   solution  to   lower  the   ri  .;  not 

,    is   the    I 
<=7    afitt  ff 


I  he   oorre 
detenuinatio 

too  h:  eter  effe    ' 

as.      ?  a».<  •/  ,    it   oocn 

L'vea  to  be  ha 
the   fina  re.      As  to   just  how   concentration 

the  second  case,    it    is  not   ve  .. 
s  anoma  gee  of  oeen 

ascribed  to  the  slippj  :  movj 

colla  lso  to  the   fl.  ;er  pressure 

.  kes  the   joint   bet 
the    oell .  of  the    r. 

cone    gradually  to    -  farther  into  the    cell,    and  the 

...la  be    increased  the; 

too  ra^id  to  be   ascribed  to  osaotio  pre 
M  e 

in  cases  where  the   pressure  was  air 
higher  than  the   true   osmot  '  re  .      A3  has  been 

re  were   of   coi 
,    se,  3  need  in 

work     t    lower   -  "  the 

plastioitj  -jase   of  a 

have    . 

*  -j   a 
i-.ove:       t  on  1 


9  /  X    a » *     /  "f  . 

the 
•   to  pre8i 

h   concent/   '  2  rhen  the   j.reesure 

^  renter  t" 
i    e ,. .      I  f  t] 
2  inorea  1  t  of  the    .--one 

were   very  nearly  ov^ual  to  the   r^te      t  whioh  tl 

inished  by  the  "water  h  the 

.    '  '  .ncentration  of   the    solution  wc 

retiuit  have   bee      prec     -   -  ..  .    ob- 

servations  on  the  menisous.     The  o...       t]  coul*-  be 

.  of  the   Blow   increa.se   of  pressure   a  :I1  was 

erature  equilibrium.     Another 
possible   cause   for  concent  c    I  .s  the  exposure  of  the 

-v  solution  heate^  to  40°  to  aj  Jhe    cell  was 

bein^  rinsed  and  fil] 3 

The   slowness   of  the   old  cells,  3h  is 

1  :    at   which   water    :  the 

~rane,    han   already  been  referred  to   as   a  factor 
the    lc  required  for  the 

•   Bd  in  order  to  teet  the   rate 
"his  took  place  .      Ceil  '  ".nsed 

with  a  "  •  whose  rot  at  J  ?aen 

deten  then  fille  . .  pped  up  at 

■ 

Bolutioi  t    ken 

t     .'   ■"..o   cell,    ooo i :  '  ter. 


•  8r    five   "        •    .  1  ib      Li     c  ■'■    ' 

3 re  was 
3    Bide   the    oell.  water  enterea,   of 

■  3,   but    it  was  not   enough  to  be    deJ 

3ter,      Th  iss   of  the   old  cells   ie    ir. 

t    to   the   behavior  of 
when  set   i  trial  nanometers   us  they  are   be 

,-e  been  known  to   develop   in  lest;  than 
an  hour  a  C  35  a1  pes,   atari  t  noi 

•io  pressure  . 
Several  times   a  reading  of  the   oells    in  the 
ould  be   the   first   one   in 
the  morn:  gs  were   all  found  to   oor..e 

uniformly  low,   or  high,    although  the  thermomete: 

.iter  the  proper  temperature.      In  such  a  case    it   was 
evident   that   the   t  re   ha  a  beer,  off  Borne 

before,  its  still  remained.     This 

jertain  by   the    faot   that  measurements  that 
oeen  constant   before   the    change   returned  to   their 
constant  pressures        tha      10  or  12  hours  usuall;  . 

•e", 
.rase  used  earlier  in  the  present   writ:. 

THE   . .    .  S 

At   the    .  of  the    investigation   it   was 

the    intention  to  measure   only  the  even   concentrations 

sen  the    :  .  .  '      '■:'e   t,v,'°-     But 

.-.   results 
ht   best   t 


b  of  Haroh  Dr. 

also  took  up  i  forth 

,y  effort   to   oomplete    '  °f  the 

s  ar.     AH hough  a1  temperature, 

worked  bathe,    oells,                bers, 

caloulati  . is  of 

.ore    joi.oerr.e_  .  '                                                Lned 

the;.  ents   at  40°   a 

arized.      It    is   a  source   of  no   little  satisfaction 
ill. 
A  total 
.      Of  thee  J  £(o  .o^on. 

A  good  percentage   of  the  failures  was    due   to   leaks   about 
the   washer  or   in   x  st,  v  to 

Lt    of   the    ceil  itself,  manifested   br,  lity   "to 

in  and  hola  a   constant   pressure.      This    constant   press- 
i  ot   necessarily  the  maximum . 
were  aine  1  for 

a   low   ratio.      The    causes    for  such  ratios 
have   been  previo  issed  ,    but   have   not   yet   been 

It    U         -       ilieved  that   the    low   ratios 
inent   bearing  on  the    ohief  '  Leme 

t,    namely,   the   establishing  of  the 
of  the    Law   of   Gay-Lus    ...         tl  P  Boyle   1 

Lves  intere   t  . 
-  ■   seei    to  preclude   t". 

1.      T.ee 


'    J 

,  no  1  re  '      - 

other  is 
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